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Abstract.
Background: Donepezil is approved for treatment of dementia of the Alzheimer type and is currently available only in tablet
forms in the United States.
Objective: To compare steady-state pharmacokinetics of once-weekly 10-mg/d and 5-mg/d Corplex™ donepezil transdermal
delivery systems (TDS) with once-daily 10-mg oral donepezil.
Methods: Open-label, randomized, crossover study (NCT04617782) enrolled healthy participants aged 18–55 years. All
participants received 5-mg/d donepezil TDS during the 5-week Period 1, followed by 10-mg/d TDS or 10-mg/d oral donepezil
in the 5-week Period 2; treatments were switched in Period 3. Bioequivalence was assessed at steady state on Week 5.
Results: All 60 enrolled participants received 5-mg/d TDS, 55 received 10-mg/d TDS, and 56 received oral donepezil.
Adjusted geometric mean ratio (% [90% CI]) for maximum plasma concentration and area under the plasma concentration
versus time curve (0–168 h) were 88.7 (81.7–96.2) and 108.6 (100.5–117.4) for 10-mg/d and 86.1 (79.8–92.9) and 105.3
(97.6–113.6) for dose-normalized 5-mg/d TDS and were generally within the 80%–125% range for establishing bioequiva-
lence with oral donepezil. Skin adhesion was similar for both TDSs (>80% of patches remaining ≥75% adhered throughout
the wear period). Overall incidence of adverse events (AEs) was similar across treatments. Compared with 10-mg/d TDS,
oral donepezil was associated with higher incidence of gastrointestinal and nervous system AEs (14.5% versus 53.6% and
14.5% versus 30.4%, respectively).
Conclusion: Donepezil TDSs are bioequivalent to oral donepezil at steady state and have a safety profile that supports their
use in treating dementia of the Alzheimer type.
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INTRODUCTION

Donepezil, a reversible acetylcholinesterase
inhibitor, is approved by the United States Food
and Drug Administration (FDA) for the treatment
of dementia of the Alzheimer type in patients with
mild, moderate, and severe disease [1, 2]. It is
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Floor, Boston, MA 02210, USA. Tel.: +1 857 331 7950; E-mail:
coh@coriumintl.com.

currently available in 5-, 10-, and 23-mg tablet
forms or as an orally disintegrating tablet. All forms
are administered once daily [2]. The initial dose of
donepezil is 5 mg/d for mild to moderate dementia,
which can be increased to 10 mg/d after 4 weeks
[1]. For moderate to severe dementia, the dosage
can be further increased up to 23 mg/d after the
patient has been on 10-mg/d donepezil for at least
3 months [1]. However, the 23-mg/d dosage did
not produce significantly greater improvement in
global functioning when compared with 10-mg/d
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dosage and was associated with higher incidence
of treatment-emergent adverse events (TEAEs) [3].
Dose escalation of oral donepezil can result in gas-
trointestinal distress, such as nausea, diarrhea, and
vomiting, the most common adverse events (AEs)
leading to treatment discontinuation in patients with
Alzheimer’s disease [1].

Transdermal delivery of medications offers sev-
eral benefits over the oral route of administration,
including ease-of-use, maintenance of steady con-
centrations of the drug within the therapeutic range,
and the possibility of reducing drug exposure faster
by removing the patch. Transdermal delivery can
also potentially reduce side effects, such as gas-
trointestinal AEs, by bypassing the gastrointestinal
tract [4]. However, as with all transdermal prod-
ucts, skin adhesion and skin irritation are potential
issues that require evaluation. Caregivers are instru-
mental in helping persons with Alzheimer’s disease
take their medications, since a person with demen-
tia may be unable to comply with instructions [5].
Thus, any treatment that allows for less frequent med-
ication administration can potentially be of benefit
to both caregivers and the ones for whom they pro-
vide care. Corplex™ donepezil transdermal delivery
system (TDS), approved as Adlarity® for the treat-
ment of mild, moderate, and severe dementia of the
Alzheimer type [6], is designed to deliver donepezil
through the skin over a 7-day wear period and is
available in 5- and 10-mg/d doses. In this study,
we compared the steady-state pharmacokinetics (PK)
of once-weekly 5- and 10-mg/d donepezil TDS
application with once-daily oral 10-mg donepezil
(oral donepezil) administration in healthy volunteers.
Donepezil TDS adhesion performance to the skin,
safety, and tolerability, including skin tolerability,
were also evaluated.

MATERIALS AND METHODS

Study design, participants, and treatment

This was an open-label, randomized, 3-period, 3-
treatment, crossover phase 1 study (NCT04617782)
enrolling healthy male and female volunteers
between the ages of 18 and 55 years (inclusive), with
a body mass index of 18–32 kg/m2 (inclusive), body
weight of 60–100 kg (inclusive), and a Fitzpatrick
skin type of I (always burns, never tans), II (usually
burns, tans with difficulty), or III (may burn initially,
but tans easily) or skin colorimeter scores equivalent
to the allowed Fitzpatrick skin type. Participants did

not have any medical conditions that prevented them
from participating in the trial.

The study consisted of a 28-day screening period
followed by 3 treatment periods of 36 days each
(Fig. 1). There were no treatment blinding or washout
periods between treatments. However, an additional
day was included at the end of each treatment period
(Days 36, 72, and 108) for PK measurements before
starting the next treatment. During Period 1, all par-
ticipants received 5-mg/d donepezil TDS (52.5 cm2

active drug area) applied weekly for 5 consecutive
weeks to acclimate them to the potential cholinergic
effects of donepezil. The 5 weeks of 5-mg/d treatment
also allowed donepezil to reach steady-state levels for
measurement of steady-state PK in Week 5. During
treatment Period 2, the participants were random-
ized to receive either 10-mg/d donepezil TDS (105
cm2 active drug area) applied weekly or 10-mg/d
oral donepezil (10-mg Aricept® tablet, Esai, Inc.);
the treatment was switched for treatment Period 3.
Randomization to the two treatment sequences was
stratified by participant’s sex using the computer-
generated randomization scheme. All participants
resided at the study site for the duration of the study.
A safety follow-up visit was conducted ∼5 days after
the day of the last oral donepezil administration or last
donepezil TDS removal during the treatment phase.

The trial was conducted in accordance with the
principles enunciated in the Declaration of Helsinki
(and its amendments) and the International Coun-
cil for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use. The protocol was
reviewed and approved by an institutional review
board, and written informed consent was obtained
from each participant before performing any baseline
study-specific evaluations.

Study objectives

The primary objective of this study was to eval-
uate the bioequivalence of steady-state donepezil
plasma exposure after once-weekly treatments with
10-mg/d donepezil TDS compared with once-daily
10-mg oral donepezil. Secondary objectives were to
evaluate the bioequivalence of steady-state donepezil
plasma exposure (after dose normalization) after
once-weekly treatments with 5-mg/d donepezil TDS
versus once-daily 10-mg oral donepezil and to eval-
uate adhesion to the skin during the wear period of
5- and 10-mg/d donepezil TDS applications. Safety
and tolerability, including local skin tolerability of
once-weekly donepezil TDS, were also evaluated.
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Fig. 1. Study design. QD, once daily; QW, once weekly; TDS, transdermal delivery system.

Pharmacokinetic analyses

For PK assessments of all participants, blood
samples were obtained predose and at specified
timepoints postdose to determine the PK pro-
files of plasma donepezil and its active metabolite
6-O-desmethyl donepezil concentrations. Validated
liquid chromatography with tandem mass spectrom-
etry methods were used to determine the content of
donepezil and 6-O-desmethyl donepezil, an active
metabolite, in human plasma. The method was vali-
dated for quantitation of donepezil in human plasma
over the concentration range of 0.300 to 45.0 ng/mL
and for 6-O-desmethyl donepezil over the concen-
tration range of 10 to 2000 pg/mL. PK analyses
were performed using Phoenix™ WinNonlin® (Ver-
sion 8.1, Certara USA, Inc.) and SAS® (Version
9.4, SAS Institute Inc.). PK parameters evaluated
included the area under the plasma concentration ver-
sus time curve during a 1-week period at steady state
(AUC0-168,ss), the maximum observed plasma con-
centration at steady state (Cmax,ss; Week 5), minimum
observed nonzero plasma concentration over a dosage
interval at steady state (Cmin,ss; Week 5), the time
to reach Cmax,ss (Tmax), and percent peak-to-trough
fluctuation (FLUCPss) at steady state in Week 5.

TDS adhesion analyses

Adhesion assessments for donepezil TDS were
performed in person by a trained staff member and
were based on the percentage of the total surface
area of the TDS that had remained adhered to the
skin. The percentage was recorded based upon the
measurement at each timepoint with the staff mem-
ber blinded to the previous recorded percentage. A
grid overlay was used to estimate the percentage

of donepezil TDS adhered. Tactile pressure to the
TDS was not applied during the adhesion determin-
ations. Application of pressure to fully or partially
detached TDS or reinforcing TDS adhesion to the
skin by taping was not allowed throughout the study.
TDS detachment was not inhibited: if a TDS com-
pletely detached from the skin, it was not reapplied,
and no fresh TDS was applied for the remainder of
the intended wear period. The time of full detach-
ment of any TDS was recorded, and 0% adhesion
was assigned to all remaining adhesion timepoints
of that wear period. Adhesion assessments were per-
formed at 12, 24, 36, 48, 60, 72, 84, 96, 108, 120, 132,
144, 156, and 168 h after donepezil TDS application
and at the time when a TDS detached completely or
was removed. The 168-h assessment was conducted
before TDS removal. At each adhesion assessment
timepoint, a photograph was taken as evidence of the
extent of donepezil TDS adhesion to the skin.

Safety evaluation

The safety evaluation was based on AEs,
laboratory evaluations, physical examinations, elec-
trocardiogram (ECG) parameters, Columbia Suicide
Severity Rating Scale (C-SSRS), and skin irritation
scores. Participants informed research personnel of
any AEs that occurred at any time during the study.
AEs were continuously monitored from the admin-
istration of the first dose of study drug until either
the safety follow-up visit or early termination from
the study. For laboratory evaluations, blood samples
were obtained at screening and on Days –1, 36, 72,
109, or at early termination. A complete medical his-
tory was collected at screening. Physical examination
was conducted at screening, the end of treatment
or at early termination, and at the safety follow-up
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visit. ECGs were obtained at screening, Day –1, and
the end of treatment or at early termination. The
C-SSRS [7] assessments were conducted at screen-
ing, on Days –1, 36, 72, 109, and at early termination
(Supplementary Table 1).

Skin irritation and tolerability assessments were
performed using the US FDA-recommended dermal
response scale (Supplementary Table 2) and other
effects scale (Supplementary Table 3) [8]. The com-
bined skin irritation score (calculated as the sum of
the dermal response and other effects scores) was
recorded for the donepezil TDS treatments and for
post-removal timepoints (0.5, 24, 48, and 72 h post-
removal). The quantitative skin irritation assessments
were not recorded as TEAEs; however, spontaneous
reports of application site AEs by the participants
were reported as TEAEs.

Statistical analysis

Sample size calculation
A sample size of 48 completers was estimated. We

assumed a 20% dropout rate, resulting in a planned
enrollment of 60 participants. The sample size was
estimated to show at least 90% power to assess
bioequivalence within the limits of 80% to 125% for
the geometric mean ratio if the true expected geo-
metric mean ratio was 1.05 (assuming a coefficient
of variance [CV] of 29%) for AUC0-168,ss.

Statistical analysis of PK and adhesion data
Statistical comparison of the PK parameters of

donepezil and 6-O-desmethyl donepezil exposure at
steady state was performed using an analysis of vari-
ance (ANOVA) model (SAS®; Version 9.4, SAS
Institute Inc.) for a 2-way crossover design for the
comparison of 10-mg donepezil TDS versus oral
donepezil on the in-transformed data with sequence,
period, and treatment as the fixed effects and subject
within sequence as a random effect. For the compar-
ison of 5-mg/d donepezil TDS versus oral donepezil,
the analysis was performed using an ANOVA model
with treatment as fixed effect and subject as random
effect. The PK parameter values for 5-mg/d donepezil
TDS were dose normalized (by multiplying with 2)
before the analysis. A statistically significant differ-
ence was defined as p < 0.05.

To examine the relative bioavailability at steady
state of the 5- and 10-mg/d donepezil TDS (tests) rel-
ative to oral donepezil (reference), plasma donepezil
exposure, characterized by AUC0-168,ss and Cmax,ss,
was assessed and compared utilizing bioequivalence

criteria. Similar bioavailability for donepezil was
concluded if the 90% confidence intervals (CIs)
of the least squares geometric means for the log-
transformed AUC0-168,ss and Cmax,ss ratios fell within
the acceptable range of 0.80 to 1.25.

Assessment of adhesion was performed in accor-
dance with the FDA guidance for assessment of
adhesion for topical and transdermal systems [9].
Within each treatment, a one-sided 95% CI was
determined for the probability (p) that a randomly
selected donepezil TDS maintained ≥75% adhe-
sion throughout the entire wear period. If the 95%
lower confidence limit exceeded 80%, we concluded
that ≥80% of donepezil TDSs were ≥75% adhered
throughout the 7-day wear period. The one-sided 95%
lower confidence limit was determined using the Jef-
freys prior method [10, 11].

RESULTS

Participants

A total of 60 participants were enrolled in the
study; all participants received 5-mg/d donepezil
TDS, 55 received 10-mg/d donepezil TDS, and 56
received oral donepezil (Fig. 2). Overall, 8 partici-
pants discontinued early from the study: 5 because of
noncompliance with the protocol or in-house rules, 2
were withdrawn by the investigator for reasons unre-
lated to safety, and 1 withdrew consent (Fig. 2). All
60 enrolled participants were included in the safety
analysis, 57 were included in the PK analysis, and 52
were included in the relative bioavailability analysis.

Of the 60 participants enrolled in this study, most
were men (63.3%) and white (93.3%). Mean age
of the participants was 40 years. As a result of the
crossover design, the age, sex, height, and weight
of participants were similarly distributed across the
treatment sequences (Table 1). Duration of treatment
was similar across the treatments: mean (standard
deviation [SD]) 34.1 (3.9) days for 5-mg/d donepezil
TDS, 34.4 (3.7) days for 10-mg/d donepezil TDS,
and 33.8 (5.1) days for oral donepezil.

Pharmacokinetics and relative bioavailability

Donepezil
The mean steady-state plasma concentration-time

PK profiles of donepezil TDS and oral donepezil are
shown in Fig. 3. Steady state (Week 5) mean val-
ues for Cmax,ss, Cmin,ss, and AUC0-168,ss were similar
for 5-mg/d donepezil TDS (dose-normalized to the
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Fig. 2. Participant disposition and analyses populations. ∗These participants were randomized to receive 10 mg/d donepezil TDS followed
by oral donepezil. †Two participants discontinued from the trial in Period 3 because of noncompliance with the protocol or in-house rules.
d, day; TDS, transdermal delivery system.

10-mg/d dose before analysis by multiplying con-
centrations by 2), 10-mg/d donepezil TDS, and oral
donepezil (Table 2). Median Tmax was considerably
higher for 5-mg/d donepezil TDS (72 h) and 10-mg/d
donepezil TDS (84 h) than for oral donepezil (2 h).
FLUCPss was higher for oral donepezil than for 5- and
10-mg/d donepezil TDS treatments. Based on results
from the steady-state assessment, steady state for
donepezil was reached by Day 22 for 5- and 10-mg/d
donepezil TDSs and by Day 8 for oral donepezil.

For 10-mg/d donepezil TDS versus oral donepezil,
the 90% CIs for the geometric mean ratios of Cmax,ss
and AUC0-168,ss were within the accepted 80% to
125% range for establishing bioequivalence (Table 3
and Fig. 4A). For 5-mg/d donepezil TDS versus oral
donepezil, the 90% CIs for the geometric mean ratio
of AUC0-168,ss were within the range for bioequiv-
alence (Table 3 and Fig. 4B). The upper 90% CI
(92.9%) of Cmax,SS geometric mean ratio for 5 mg/d
donepezil TDS versus oral donepezil was within the
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Table 1
Demographics and baseline characteristics of participants by treatment

Donepezil TDS Donepezil TDS Oral donepezil Overall
5 mg/d 10 mg/d 10 mg/d (N = 60)
(n = 60) (n = 55) (n = 56)

Age (y) at informed consent
Mean (SD) [range] 39.8 (9.91) [19–55] 40.5 (9.97) [19–55] 40.5 (9.84) [19–55] 39.8 (9.91) [19–55]
Median (Q1, Q3) 40.0 (32, 49) 42.0 (34, 50) 41.5 (34, 50) 40.0 (32, 49)

Sex, n (%)
Male 38 (63.3) 33 (60.0) 35 (62.5) 38 (63.3)
Female 22 (36.7) 22 (40.0) 21 (37.5) 22 (36.7)

Race, n (%)
White 56 (93.3) 52 (94.5) 53 (94.6) 56 (93.3)
Black or African American 3 (5.0) 2 (3.6) 2 (3.6) 3 (5.0)
Asian 1 (1.7) 1 (1.8) 1 (1.8) 1 (1.7)

Height, mean (SD), cm 170.7 (9.5) 170.0 (9.5) 170.3 (9.5) 170.7 (9.5)
Weight, mean (SD), kg 76.5 (10.4) 75.8 (10.2) 75.9 (10.2) 76.5 (10.4)
BMI, mean (SD), kg/m2 26.2 (2.6) 26.2 (2.6) 26.2 (2.6) 26.2 (2.6)

BMI, body mass index; Q1, first quartile; Q3, third quartile; SD, standard deviation; TDS, transdermal delivery system.

Fig. 3. Mean steady-state (Week 5) plasma concentration-time curves for 5 mg/d donepezil TDS, 10 mg/d donepezil TDS, and 10 mg/d oral
donepezil. Donepezil TDS was applied weekly for 5 weeks; oral donepezil was administered daily for 5 weeks. The replicated steady-state
pharmacokinetic profile for oral donepezil on Days 1–6 is shown as a dashed line to represent that they are replicated from Day 7 (144–168
h). TDS, transdermal delivery system.

bioequivalence range, but the lower 90% CI (79.8%)
was slightly less than the lower range (80%) estab-
lished for bioequivalence.

No statistically significant differences in donepezil
exposure based on gender, ethnicity, and age
were observed for 5-mg/d donepezil TDS, 10-mg/d
donepezil TDS, and oral donepezil.

6-O-desmethyl donepezil
Mean concentration ratios of 6-O-desmethyl

donepezil to donepezil were generally under 0.003
(i.e., less than 0.3%) for all treatments during Week 5;

therefore, 6-O-desmethyl donepezil was determined
to be a minor metabolite of donepezil for all treat-
ments.

Adhesion

Overall, 568 donepezil TDSs were applied: 296
of 5 mg/d and 272 of 10 mg/d donepezil TDS. Of the
donepezil TDS applied, 11 (1.9%) were removed pre-
maturely: 7 (2.4%) 5-mg/d donepezil TDS (4 from
lack of adhesion and 3 from premature study dis-
continuation) and 4 (1.5%) 10-mg/d donepezil TDS
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Table 2
Plasma donepezil PK parameters at Week 5

Parameter Donepezil TDS Donepezil TDS Oral donepezil
5 mg/da 10 mg/d 10 mg/d
(n = 56) (n = 53) (n = 53)

Cmax,ss, mean (SD), ng/mL 59.8 (18.2) 62.5 (20.0) 70.6 (19.4)
Cmin,ss, mean (SD), ng/mL 41.0 (14.2) 43.2 (15.6) 39.9 (14.6)
AUC0-168,ss (h·ng/mL) 8732.1 (2760.3) 9099.0 (2972.1) 8462.6 (2558.0)
Tmax,ss, median (range), h 72.0 (0–156.0) 84.0 (0–120.0) 2.0 (0–4.1)
FLUCPss, mean (SD), % 36.7 (14.8) 35.8 (14.5) 64.9 (23.7)

AUC, area under the curve; Cmax,ss, maximum concentration at steady state; Cmin,ss, minimum
observed nonzero plasma concentration at steady state; FLUCPss, percent peak-to-trough fluctuation
at steady-state; SD, standard deviation; TDS, transdermal delivery system; Tmax,ss, time to reach
Cmax,ss. aConcentrations for 5 mg/d donepezil TDS were dose-normalized to the 10 mg/d dose
before analysis by multiplying concentrations for 5 mg/d dose by 2.

Table 3
Relative bioavailability of 10 mg/d and 5 mg/d donepezil TDS versus oral donepezil

Dependent Donepezil TDS Oral donepezil Adjusted p-valuec 90% CI 90% CI
variable geometric geometric GMR (%)b lower upper

meana meana

10 mg/d donepezil TDS versus 10 mg/d oral donepezil, n = 52

Cmax,ss (ng/mL) 59.6 67.2 88.7 0.02 81.7 96.2
AUC0-168,ss, (h·ng/mL) 8678.7 7992.3 108.6 0.08 100.5 117.4

5 mg/d donepezil TDS (dose normalized)d versus 10 mg/d oral donepezil, n = 51

Cmax,ss (ng/mL) 57.8 67.1 86.1 0.002 79.8 92.9
AUC0-168,ss (h·ng/mL) 8401.9 7979.1 105.3 0.26 97.6 113.6

AUC, area under the curve; CI, confidence interval; Cmax,ss, maximum concentration at steady state; GMR, geometric mean ratio;
TDS, transdermal delivery system. aGeometric mean obtained by exponentiating the least squares mean (LS mean). bAdjusted GMR
(%) = 100 × [Geometric Mean (donepezil TDS)/Geometric Mean (oral donepezil)]. The GMR and its 90% CI were obtained by exponenti-
ation of the difference between the treatment LS means on the logarithmic scale and by exponentiation of the limits of the 90% CI for the
difference, respectively. cp-value from the mixed model. dConcentrations for the 5 mg/d donepezil TDS were dose-normalized to the 10
mg/d dose before analysis by multiplying concentrations for 5 mg/d dose by 2.

(2 from lack of adhesion and 2 from premature study
discontinuation). Donepezil TDSs that were removed
prematurely because of study discontinuation (3 in
5-mg/d and 2 in 10-mg/d donepezil TDS) were not
included in the analysis; therefore, a total of 563
donepezil TDSs were included in the adhesion pop-
ulation.

The mean percentage (SD) of donepezil TDS sur-
face area remaining adhered to skin from Weeks 1
through 5 was 92.6% (10.9%) for 5-mg/d donepezil
TDS and 93.3% (8.8%) for 10-mg/d donepezil TDS.
The number (%) of TDSs with adhesion ≥75% from
Weeks 1 through 5 at all adhesion assessment time-
points during the 7-day wear period was 245 (83.6%)
for 5-mg/d donepezil TDS and 232 (85.9%) for 10-
mg/d donepezil TDS. The number (%) of donepezil
TDSs with≥50% adhesion from Weeks 1 through 5 at
any timepoint was 278 (94.9%) for 5-mg/d donepezil
TDS and 261 (96.7%) for 10-mg/d donepezil TDS.
The number (%) of donepezil TDS with complete
detachment from Weeks 1 through 5 during the 7-

day wear period was 4 (1.4%) for 5-mg/d donepezil
TDS and 2 (0.7%) for 10-mg/d donepezil TDS.

Using the Jeffreys prior method, the probability
of a donepezil TDS maintaining ≥75% adhesion
throughout the wear period was estimated as 0.8362
for 5-mg/d donepezil TDS and 0.8593 for 10-mg/d
donepezil TDS. The lower limit of the one-sided 95%
CIs (0.80 for 5-mg/d and 0.82 for 10-mg/d donepezil
TDSs) demonstrated that ≥80% of the donepezil
TDSs were ≥75% adhered throughout the 7-day wear
period (Table 4).

Safety

Adverse events were reported in 48 of 60 partici-
pants (80.0%)—32 of 60 participants (53.3%) for the
5-mg/d donepezil TDS, 30 of 55 participants (54.5%)
for the 10-mg/d donepezil TDS, and 32 of 56 par-
ticipants (57.1%) for oral donepezil (Table 5). For
most participants (44 [73.3%]), AEs were reported
as mild in severity; 4 participants (6.7%; 2 on 5-mg/d
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Fig. 4. Donepezil exposure for (A) 10 mg/d donepezil TDS and (B) 5 mg/d donepezil TDS (dose normalized) versus oral donepezil. Bars
are the 90% CIs. AUC0-168,ss, area under the curve at steady state; CI, confidence interval; Cmax,ss, maximum concentration at steady state;
LSM, least-squares mean; TDS, transdermal delivery system.

Table 4
Probability for donepezil TDS maintaining ≥75% adhesion during the entire wear period

Treatment n Point estimate Lower limit of
the one-sided 95% CI
Jeffreys prior method

5 mg/d donepezil TDS 293 0.8362 0.7982
10 mg/d donepezil TDS 270 0.8593 0.8217

CI, confidence interval; TDS, transdermal delivery system.

donepezil TDS, 1 on 10-mg/d donepezil TDS, and 1
on oral donepezil) had AEs of moderate severity. No
serious AEs or deaths were reported in the study, and
no participant had AEs leading to discontinuation of
study treatment or leading to early termination.

Gastrointestinal disorders (constipation, nausea,
diarrhea, and vomiting) were more frequent when
participants were taking oral donepezil than when
they were using donepezil TDS (Table 5). More par-
ticipants reported dizziness, fatigue, and somnolence
on oral donepezil than on donepezil TDS. Application

site pruritis, application site dermatitis, abdominal
pain, and insomnia were more frequent with 10 mg/d
donepezil TDS than oral donepezil. Application site
reactions were deemed treatment related in all cases
(Supplementary Table 4). Headaches occurred with
similar frequency (5-mg/d donepezil TDS, 13.3%;
10-mg/d donepezil TDS, 14.5%; oral donepezil,
12.5%) with all treatments, and 14 of 16 cases were
considered related to treatment.

The combined skin irritation score of ≥3 at 30 min
after donepezil TDS removal was reported in 31 of
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Table 5
Overall summary of treatment-emergent AEs and most frequently reported AEs in ≥5% of participants overall

Donepezil TDS Donepezil TDS Oral donepezil Overall
5 mg/d 10 mg/d 10 mg/d (N = 60)
(n = 60) (n = 55) (n = 56)

Participants, n (%)

TEAE 32 (53.3) 30 (54.5) 32 (57.1) 48 (80.0)
Related TEAE 25 (41.7) 24 (43.6) 29 (51.8) 44 (73.3)

AEs by MedDRA system organ class MedDRA preferred terms
Gastrointestinal disorders 15 (25.0) 8 (14.5) 30 (53.6) 36 (60.0)

Constipation 9 (15.0) 3 (5.5) 10 (17.9) 19 (31.7)
Nausea 4 (6.7) 1 (1.8) 17 (30.4) 19 (31.7)
Diarrhea 2 (3.3) 2 (3.6) 7 (12.5) 9 (15.0)
Abdominal pain 0 3 (5.5) 1 (1.8) 4 (6.7)
Vomiting 1 (1.7) 0 3 (5.4) 4 (6.7)

General disorders and administration site conditions 18 (30.0) 11 (20.0) 7 (12.5) 29 (48.3)
Application site pruritus 12 (20.0) 5 (9.1) 0 14 (23.3)
Application site dermatitis 5 (8.3) 3 (5.5) 1 (1.8) 8 (13.3)
Fatigue 2 (3.3) 1 (1.8) 5 (8.9) 7 (11.7)
Application site irritation 3 (5.0) 0 0 3 (5.0)

Nervous system disorders 11 (18.3) 8 (14.5) 17 (30.4) 23 (38.3)
Headache 8 (13.3) 8 (14.5) 7 (12.5) 16 (26.7)
Dizziness 3 (5.0) 2 (3.6) 11 (19.6) 15 (25.0)
Somnolence 0 0 6 (10.7) 6 (10.0)
Mental impairment 0 1 (1.8) 2 (3.6) 3 (5.0)

Psychiatric disorders 10 (16.7) 7 (12.7) 6 (10.7) 18 (30.0)
Insomnia 4 (6.7) 4 (7.3) 0 7 (11.7)
Nightmare 5 (8.3) 1 (1.8) 1 (1.8) 6 (10.0)
Abnormal dreams 1 (1.7) 2 (3.6) 1 (1.8) 4 (6.7)
Irritability 2 (3.3) 0 2 (3.6) 3 (5.0)

Musculoskeletal and connective tissue disorders 4 (6.7) 7 (12.7) 6 (10.7) 15 (25.0)
Muscle spasms 4 (6.7) 5 (9.1) 5 (8.9) 12 (20.0)

Injury, poisoning and procedural complications 1 (1.7) 2 (3.6) 3 (5.4) 6 (10.0)
Skin abrasion 1 (1.7) 0 2 (3.6) 3 (5.0)

AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; TDS, transdermal delivery system; TEAE, treatment-emergent adverse
event.
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60 participants (51.7%) included in the skin irritation
analysis for 5-mg/d donepezil TDS (289 patches in
total) and in 30 of 55 participants (54.5%) for 10-mg/d
donepezil TDS (268 patches). No participant discon-
tinued early from the study due to skin irritation, and
no donepezil TDS was removed due to unacceptable
skin irritation.

There were no clinically important changes in clin-
ical laboratory values, vital signs, ECGs, or physical
examinations across all treatments. No occurrences
of suicidal thoughts or ideation were reported during
the study.

DISCUSSION

The study met its primary endpoint. We demon-
strated that 10-mg/d donepezil TDS applied weekly
was bioequivalent to 10-mg oral donepezil tablets
administered once-daily for 35 days. Although the
lower 90% CI (79.8%) of the Cmax,ss mean ratio
for the 5-mg/d donepezil TDS was slightly below
the bioequivalence range (80%), the difference was
not considered clinically meaningful; therefore, the
5-mg/d donepezil TDS was also considered bioequiv-
alent to 10-mg/d oral donepezil. Steady-state mean
Cmax,ss, Cmin,ss, and AUC0-168,ss values were sim-
ilar for donepezil TDS and oral donepezil. Weekly
donepezil TDS application produced 1 weekly Cmax
value compared with 7 daily values for once-daily
oral donepezil; however, this difference in plasma
donepezil concentration profiles is not likely to influ-
ence the pharmacodynamic effect of donepezil on
the basis of results from another phase 1, random-
ized, open-label, crossover, PK study of once-weekly
donepezil TDS versus daily oral donepezil in healthy
adults (NCT02968719). In this study, a red blood cell
acetylcholinesterase (RBC AChE) inhibition assay
was used to assess the pharmacodynamic effect
of donepezil; similar RBC AChE inhibition versus
plasma donepezil concentration profile was observed
for donepezil TDS and oral donepezil (Supplemen-
tary Figure 1), supporting similar effectiveness of
donepezil TDS and oral donepezil.

Adhesion was generally similar for the 5- and 10-
mg/d donepezil TDS, with >80% of the donepezil
TDS remaining ≥75% adhered and >94% remaining
≥50% adhered throughout the weekly wear period
without having to apply pressure or taping TDS to
the skin to reinforce adhesion. Adhesion for 10-
mg/d donepezil TDS exceeded the FDA’s adhesion
guidance, which recommends that the 95% lower

confidence limit of the probability that a TDS main-
tains ≥75% adhesion during the entire wear period
be ≥80% [9]. Adhesion of 5-mg/d donepezil TDS
was marginally lower than that of 10-mg/d donepezil
TDS. The larger TDSs are thought to be more sen-
sitive to detachment than the smaller TDSs because
of greater conformational and torsional strains aris-
ing from increased anatomical curvatures or a greater
magnitude of flexion [9]. However, in our study,
the larger donepezil TDS demonstrated better adhe-
sion, suggesting that the marginally lower adhesion
results for 5-mg donepezil TDS may reflect partic-
ipants becoming accustomed to using the TDS in
Period 1 before using the 10-mg donepezil TDS in
Period 2 or 3. Participants in the study were allowed to
shower daily, indicating that favorable donepezil TDS
adhesion is likely to be maintained under real-world
conditions.

All 3 treatments (5-mg/d donepezil TDS, 10-mg/d
donepezil TDS, and oral donepezil each adminis-
tered for 5 consecutive weeks) were generally well
tolerated with no unexpected AEs or serious AEs.
Fewer treatment-emergent gastrointestinal AEs were
reported with donepezil TDS than with oral donepezil
in our study. Gastrointestinal AEs can be a prob-
lem for patients taking oral donepezil treatment for
Alzheimer’s disease [12], resulting in treatment dis-
continuation or dose reduction, thus lowering the
effectiveness of the medication [13–15]; our results
suggest that donepezil TDS may be an option for
these patients. As seen with other transdermal patches
[16, 17], application of donepezil TDS was associated
with increased incidence of application site reactions;
however, no participant discontinued early from the
study due to skin irritation, and no donepezil TDSs
were removed due to unacceptable skin irritation.
Similar skin irritation was demonstrated between the
two donepezil TDS strengths.

Transdermal patches have several advantages over
oral administration, including maintenance of sus-
tained therapeutic plasma concentrations of drugs,
easy application, reduced systemic adverse effects,
and better treatment compliance [4, 18]. Transder-
mal patch formulations of donepezil were previously
investigated in clinical trials by Teikoku Pharma
USA, Inc., and Eisai Co., Ltd.; however, the treatment
did not achieve approval by the FDA [18]. Donepezil
TDS is the first approved once-weekly patch for
Alzheimer’s disease [6]. Donepezil TDS contains
the most commonly prescribed Alzheimer’s disease
medication—donepezil (Aricept)—formulated in a
convenient patch form. A once-weekly patch of
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donepezil may be easier to remember than once-daily
oral medication for some people with Alzheimer’s
disease who have memory impairment, making it
difficult to remember to take daily medication. It
may also benefit caregivers who may not be able
to attend to their dependents with Alzheimer’s dis-
ease every day. An added benefit of once-weekly
patch administration may be reduced cost of drug
administration, particularly in institutional settings or
situations where treatments are provided at home by
a paid caregiver.

Our results suggest that patients using donepezil
TDS are more likely to receive a steady plasma expo-
sure of donepezil than those taking oral donepezil,
as FLUCPss was higher with once-daily oral
administrations of donepezil than with once-weekly
5-mg/d and 10-mg/d donepezil TDS applications.
Use of donepezil TDS was associated with fewer
treatment-emergent gastrointestinal disorders and
central nervous system-associated adverse effects,
such as dizziness and somnolence, compared with
oral donepezil, which may lead to better compliance
among patients.

Currently, the acetylcholinesterase inhibitor
rivastigmine (Exelon® Patch) is the only medication
available in the transdermal patch form for treatment
of mild, moderate, and severe dementia of the
Alzheimer type [19, 20]. However, rivastigmine
is a once-daily patch, whereas donepezil TDS
only requires once-weekly application, which
may be more convenient for some patients and
their caregivers, potentially resulting in better
treatment compliance. Similar to donepezil TDS,
the rivastigmine patch was associated with fewer
gastrointestinal side effects when compared with
oral rivastigmine [17, 21]. Although application
site reactions were observed in clinical trials of
the rivastigmine patch, they were typically mild to
moderate in severity and not allergic. Few patients
discontinued treatment because of adverse skin
reactions [22]. For donepezil TDS, skin reactions
were mild and resolved quickly, suggesting that
application site reactions are not a barrier to treating
a patient with Alzheimer’s disease with a TDS.

Our study has some limitations. The study was con-
ducted in healthy volunteers; therefore, PK outcomes
may not completely represent older patients with
Alzheimer’s disease and other comorbid conditions.
Participants and investigators knew which treatment
was being administered, as the study was open label.
The study was done in a controlled setting, and the
participants were healthy and capable of complying

with treatment directions; this may not reflect real-
world situations. Despite these limitations, our results
show that once-weekly 10- and 5-mg/d donepezil
TDSs are bioequivalent to once-daily 10-mg oral
donepezil (Aricept®) and have an acceptable safety
profile. Donepezil TDS was associated with fewer
gastrointestinal disorders than oral donepezil, sup-
porting the feasibility of using donepezil TDS as a
convenient and safe once-weekly dosing regimen for
treatment of dementia of the Alzheimer type.
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